A krypton-filled gas scintillation proportional counter has been coupled, through an ultraviolet transparent LiF window, to a multi-anode proportional chamber operated in a gas mixture (argon-triethylamine-methane) having a large quantum efficiency for the emitted photons. The first experimental results suggest that, in the detection of soft X-rays, one can obtain the good energy resolution characteristics of gas scintillation counters, together with the bi-dimensional coordinate localization typical of multiwire proportional chambers (MWPCs It has recently been proposed to couple a scintillation proportional counter directly to a photo-ionization gaseous detector'0; indeed, simple calculations show that, if an efficient transfer of photons can be obtained between the two elements, the good energy resolution of the gas scintillation counter could be maintained, taking full advantage of the electronic localization techniques developed for MWPCs. Photo-ionization processes in gases have recently been extensively investigated in connection with Cerenkov ring-imaging devices" ,12; several combinations of entrance window and photo-ionizing gas have been tried which allow a good quantum efficiency between 11.5 eV (LiF cut-off) and 7.5 eV, the ionization potential of triethylamine, (C2H5)3N or TEA (see Fig. 1 
A krypton-filled gas scintillation proportional counter has been coupled, through an ultraviolet transparent LiF window, to a multi-anode proportional chamber operated in a gas mixture (argon-triethylamine-methane) having a large quantum efficiency for the emitted photons. The first experimental results suggest that, in the detection of soft X-rays, one can obtain the good energy resolution characteristics of gas scintillation counters, together with the bi-dimensional coordinate localization typical of multiwire proportional chambers (MWPCs). The name Photo-Ionization Proportional Scintillation chamber (PIPS) is proposed for the device.
Coupling the Gas Scintillation Counter
to Photo-Ionization Detectors
Gas scintillation proportional counters allow very good energy resolutions to be obtained, close to the statistical limit, over large areas; for a survey of this matter see, for example, the review work of Ref. 1. Since the largest fraction of the secondary light emission induced by electrons in noble gases is peaked in the far or vacuum ultraviolet, several combinations of wavelength shifters and matching phototubes have been used for the detection. Large-area detectors of this kind have been designed for use in astrophysics and in other research fields2-7. Bi-dimensional localization can be achieved by mounting several independent photomultipliers to detect the pulse, and performing a weighted average on the signals5-7; such systems are, however, intrinsically limited to a single hit per event. Alternative read-out methods using vacuum photodiodes' or fibre-optics light-guides to television tubes9 have been tried, which may overcome the single-hit limitation.
It has recently been proposed to couple a scintillation proportional counter directly to a photo-ionization gaseous detector'0; indeed, simple calculations show that, if an efficient transfer of photons can be obtained between the two elements, the good energy resolution of the gas scintillation counter could be maintained, taking full advantage of the electronic localization techniques developed for MWPCs. Photo-ionization processes in gases have recently been extensively investigated in connection with Cerenkov ring-imaging devices" ,12; several combinations of entrance window and photo-ionizing gas have been tried which allow a good quantum efficiency between 11.5 eV (LiF cut-off) and 7.5 eV, the ionization potential of triethylamine, (C2H5)3N or TEA (see Fig. 1 To investigate the possibility of coupling the gas scintillation proportional counter to a photo-ionization detector, the structure shown in Fig. 3 was made, using fibre-glass frames. The thicknesses of the so-called absorption and scintillation regions are 10 and 8 mn, respectively. The LiF window is 5 cm in diameter, with a thickness of 5 mm. Its measured transparency is 47.5% at 1S°incidence at a wavelength of 150 nm, which is approximately the peak of the emission from krypton (see Fig. 2 ) and the peak for the photo-ionization of TEA (see Fig. 1 ). Grids 3 and 4 lie against the LiF window. The distance between the anodes of the multi-anode proportional counter is 2 cm, the anode plane being at 1 cm from grid 4. Energy resolution measurements as well as data on the transfer efficiency were obtained using this detector. For the preliminary data on localization properties, a MWPC was substituted for the multi-anode proportional counter; the anode wires of the MWPC were 2.54 mm apart (0 = 12 im), the anode plane being at 5 mm from grid 4.
Both chambers were operated with gases in a flow regime, with krypton on the gas scintillation proportional counter, and a mixture of argon, TEA, and methane on the photo-ionization detector. Although a detailed study of the mixture used on the photo-ionization detector was not made, a few mixtures were tried, e.g. argon with TEA, and also a mixture of these two components with methane. The detection efficiency for photons increases when the concentration of TEA in argon increases up to about 3%, levelling off for higher concentrations. No clear effect on this detection efficiency was seen when methane was added to the mixture of argon and TEA, a slightly better energy resolution being obtained with this last additive with the photo-ionization detector working in the proportional counter region. For all data reported, the mixture used was 83% argon, 3% TEA, and 14% methane.
Transfer efficiency
An important parameter that essentially dominates the behaviour of the PIPS detector from the point of view of the energy resolution is L (see Ref. 10), i.e. the mean-number of detected photoelectrons in the photoionization detector per electron produced on the scintillation chamber. As the mean energy required for making an ion pair in the mixture used on the photo-ionization detector is not known, L can only be estimated. A convenient approximate assumption is that the mean energy for making an ion pair is the same in this mixture as it is in the filling (krypton) of the gas proportional scintillation counter. Under this assumption, L is equal to the transfer efficiency t, i.e. the ratio between the charge collected on the photo-ionization chamber and the charge collected on the same chamber when directly irradiated with the same radiation (see Fig. 3 ). This PIPS detector was bombarded simultaneously with 6 keV X-rays from two 55Fe sources, one beam being incident on the gas proportional scintillation counter side, the other being directed to the proportional counter detector. To this latter beam correspond the direct pulses. The transferred pulses, corresponding to the detection of the photons from the gas scintillation counter, have the characteristic linear rise associated with the uniform production of photons across the scintillation gap. The pulse-height ratio of the transferred and the direct pulses, taken through a charge amplifier, measures t.
Of course t is a function of HV3-HV2, the potential difference between grids 3 and 2 (see Fig. 3 ) for a given filling of the PIPS detector. As the free paths before photo-ionization in the filling of the proportional counter can be of the order of the spacing between the wires of grid 4, t is also affected by HV3-HV4. With 
Energy resolution
A commercially available low-noise room temperature preamplifier was used for the energy resolution measurements and, working with the photo-ionization detector in the proportional region, the electronics noise was negligible. The resolution of this detector for the direct pulses was 15.8% for 5.9 keV, as measured with a 55Fe source. Although these interactions are very well localized, compared with the wide distribution of the photoelectrons coming from the detection of photons produced in the scintillation gap, this resolution may be taken as being characteristic of the photo-ionization detector. Nevertheless, with the primary ion pair distributed like the photoelectrons corresponding to the transferred pulse, it is possible that the resolution of the photo-ionization detector for a 5.9 keV energy deposition may be better, as there is some averaging with respect to the non-uniformities of the field at the surface of the anode wires due to the discrete structure of the cathode in the proportional counter.
As no infonnation is available either on the mean energy required for making an ion pair or on the Fano factor for the filling of the photo-ionization detector, these parameters were arbitrarily taken as 24.3 eV (the mean energy for making an ion pair in krypton, which allows the approximation L t) and F = 0.17, respectively. is expected when L increases, specially for small L values, the best spectrum being shown in Fig. 6 and corresponding to an energy resolution of 10.8%. It was obtained at 
SLpatial distribution
The spatial distribution of the photoelectrons on the photo-ionization detector is mainly determined by the thickness of the scintillation region, by its distance from the LiF window, and by the absorption coefficient of this window for the incident photons. The mean free path (X) of the photons in the filling of the photo-ionization detector and the transparency of the grids will also influence this distribution.
Using anodes at 2.54 mm distance in the photoionization detector and taking the signal from one anode wire, this pulse height was measured as a function of the distance between the wire and a collimated bean from a 5"Fe source. Experimental data are shown with their error bars in Fig. 7 PIPS can probably be used as a photomultiplier (or better as an image intensifier) if a conductive photosensitive layer is deposited under the window of the gas scintillation proportional counter part, the purity of the noble gas filling and the absence of charge multiplication being favourable factors.
